When HgBr2 (2-45 mTorr) is photolyzed by the linearly polarized output of an ArF excimer laser (193 nm), the visible emission from the HgBr B 22'+ fragment is found to be linearly polarized. The degree of polarization is 11.9%±1.5%, in close agreement with the theoretical value of 14.3% predicted for a 1..r/eAl)--+lB2e..ru+) dissociative transition in HgBrz. The addition of inert gases depolarizes the HgBr* emission. A simple model, developed to calculate the average angle through which the angular momentum vector of the HgBr* fragment is tipped by each hard sphere collision, fits well the pressure dependence of the depolarization.
I. INTRODUCTION
Photolysis of isolated molecules continues to playa significant role in the development of dissociation dynamics because such processes may be examined by a variety of experimental techniques and the results oi these studies appear to be amenable to relatively straightforward theoretical treatment. 1,2 Recently it has been suggested that the observation of polarized emission from excited photofragments may provide an appealing alternative, when applicable, to the measurement of photofragment angular distributions in learning about the symmetry of the repulsive state responsible for dissociation. [3] [4] [5] The polarization of diatomic emission from photodissociation of a triatomic molecule has been observed following vacuum ultraviolet photolysis of H204, 6 D 2 0, 6 HCN, 1 BrCN, 1, 8 and ICN. 8, 9 Unfortunately, while present theory5 is restricted to direct photodissociation, all of the above molecular systems involve fragmentation from predissociating excited states. Consequently, previous experiments have not been able to test the predicted value of the degree of polarization.
In this study we report measurements on the degree of polarization of the HgBr(B2~·_X2~.) emission following the photolysiS of HgBr2 by the 193 nm output of an argon fluoride (ArF) laser. The resulting polarization is shown to be in substantial agreement with theory, permitting the identification of the symmetry nature of the dissociative state. We also present a study of the collisional depolarization of this emission. A simple model is proposed to account for the observed behavior. Figure 1 beam by a photomultiplier. Polarization analyzers are placed in front of the detector and permit the measurement of III and Iu the intensities of the fluorescence polarized parallel and perpendicular, respectively, to the electric vector of the laser beam. The degree of polarization, P, is calculated from the expression
II. EXPERIMENTAL
Details of the experimental apparatus and the measurement procedure follow.
A. Photolysis source
The excimer laser was built previously by Z. Karny in this laboratory. It is capable of producing 193 nm pulses, of 20 nsec in duration, with 8-12 mJ energy at 1 Hz. This is sufficient to observe intense HgBr B-X emission at relatively low vapor pressures of HgBr2 (10-3 _10-2 Torr).
The excimer laser has synthetic quartz windows mounted at Brewster's angle. Thus the output is expected to be polarized, although the high gain of ArF may reduce the degree of polarization. In order to enhance the polarization of the laser output, two additional windows were placed at Brewster's angle inside the laser cavity. 
Once Pob. is determined, then P may be found by solving the above quadratic equation (for which only one of its two roots is physically reasonable).
B. Sample preparation
The fluorescence cell is a Pyrex cross formed by the intersection of two cylinders 2.5 cm in diameter and 8 cm in length. Synthetic quartz windows are affixed to the cell with epoxy cement. The cell is painted black on the outside to minimize scattered light.
The HgBr2 sample (ventron, Alpha Division, >97% purity) is placed in a Pyrex coldfinger attached to the cell body. The cell is evacuated and any residual HgBr2 in the cell body is sublimed into the coldfinger. The HgBr 2 vapor pressure is controlled by inserting the coldfinger into a brass block, which was wrapped with heating tape. The temperature of the block is controlled to ± O. 5°C over the range 29-63 °c simply by use of a Variac autotransformer. The body of the cell is similarly wrapped with heating tape and the temperature maintained about 10°C higher than the coldfinger to prevent condensation of HgBr2 on the windows. The latter were encased in copper extension tubes to minimize COOling.
Cell degassing and sample preparation are carried out on a standard vacuum line (3 x 10-6 Torr base pressure). For experiments involving collisional depolarization by foreign gases, the cell is connected to the vacuum line by a short length of flexible polyethylene tubing evacuable to about 10-3 Torr. This is sufficient to ensure that possible impurities do not interfere with the observation of collisional effects by the added gases in the pressure range 0.1-100 Torr. The foreign gases studied are helium (Liquid Carbonic, 99.9999% purity) and krypton (Matheson, 99.995% purity).
C. Detection system
The HgBr fluorescence is detected with a photomultiplier (RCA 8850), the anode of which is connected across a 47 kO resistor. A 13 cm long series of baffles collimates the fluorescence so that the photomultiplier views the cell with an acceptance angle of less than 4°. A filter (Corning 4-67) is placed directly in front of the phOtomultiplier to isolate the 400-570 nm region. Fluorescence from the HgBr B state peaks near 500 nm. A polarization analyzer conSisting of two sheet polarizers (Polaroid HN -32) side by side in a sliding mount is placed in front of the filter. The axes of the sheet polarizers are crossed and the extinction ratio is better than 10-3 • No discernible difference is detected when the axes of the sheet polarizers are reversed.
The output of the photomultiplier is fed into channel A of a boxcar integrator (PAR model 162). The opening of the gate is offset from the laser pulse to avoid contributions from electrical interference and scattered light. To take into account fluctuations in the laser intensity, typically 20%, the output of a photocell mounted on the laser beam axis behind the fluorescence cell is fed into channel B of the same boxcar. The AlB ratio of the fluorescence signal to the laser energy is averaged with a time constant corresponding to twenty laser shots and displayed on a stripchart recorder. By sliding the two sheet polarizers back and forth, III and Ii are obtained. Typically III and Ii are each recorded for 600 sec. Nevertheless, fluctuations in the shot to shot stability of the laser energy and its polarization constitute the major source of statistical uncertainty in the measured values of P.
III. RESULTS

A. Photofragment polarization
The degree of linear polarization of the HgBr B 2~. -X2~. emission following photodissociation of HgBr 2 is measured over the temperature range 29-63°C, COrrespondingll to 6 x 10 13 to 1 X 10 15 HgBr2 mOlecules per cm 3 . The value of P is found to be constant, within experimental error, over this range of HgBr2 density. This demonstrates that collisional depolarization of HgBr(B 2~.) with HgBr2 is inSignificant in these experiments. It should also be noted that the HgBr fluorescence has a uniform spatial distribution along the laser light path in the fluorescence cell. Even at a density as high as 3 x 10 15 molecules per cm 3 the optical depth l2 of HgBr2 at 193 nm is about 30 cm. The mean degree of linear polarization obtained by averaging all observed measurements is P= 11. 5% ± 1. 1%, where the uncertainty represents 1 std. dev. When this result is corrected with the help of Eq. (2) for the partial degree of polarization of the laser we obtain the value P = 11. 9% ± 1. 5% . Because the radiative lifetime l3 of the HgBr B state is so short (23.7 nsec) no correction need be applied for depolarization in the earth's magnetic field. 14 The result of Eq. (3) is in close conformity with the theoretical value,5 P= 14. 3% (P=l).
Many checks were made to confirm this observed effect. The Signal disappears when no HgBr2 is in the fluorescence cell or when the fluorescence cell is not heated. Moreover, the degree of polarizlltion essentially vanishes, P= 1. 2% ± 1. 5%, when the direction of Observation is chosen to be along the electric vector of the laser beam. Finally, as is demonstrated by the collisional depolarization studies described below, addition of foreign gas causes the polarization to decrease monotonically with increasing pressure. 
3-P (5)
It is convenient to use the polarization index because the theory of collisional depolarization 15 is expressed more simply in terms of R than P. Note that the relative uncertainty in R increases at higher pressures as its magnitude diminishes. We also plot on Fig. 2 theoretical curves which will be discussed below (Sec. IV B). Comparison of Fig. 2(a) with 2(b) shows that depolarization is more marked for the heavier rare gas collision partner at the same pressure.
IV. DISCUSSION
A. Symmetry of the dissociative state
The mercury dihalides may be regarded formally as 16 valence electron systems, like CO 2 , Then according to Walsh's rules, 16 the ground state is linear while the lowest-lying excited states are bent. Recent ab initio calculations 1 T on HgCl 2 and HgBr 2 support this Simple interpretation. In a linear -bent tranSition, the absorption transition dipole moment I£aba may be either in the molecular plane or perpendicular to it. The incident radiation preferentially selects different HgBr2 orientations according to the interaction ("abe. 8)2, where 8 is the electric vector of the plane polarized light beam. In direct photodissociation, the Br and HgBr* fragments separate on a time scale short compared to the rotational period of the HgBrz* molecules. Moreover, the change in equilibrium geometry for a linear -bent transition causes the HgBr* to be rotationally excited, the extent of rotational excitation usually being larger than the thermal rotational excitation of the HgBrz parent. 1 Thus, because the forces between the recoiling Br and HgBr* fragments are directed in the plane of the HgBr* molecule, the rotational angular momentum J of the HgBr* fragment is not randomly distributed in space but lies perpendicular to the HgBrz* molecular plane. This anisotropic J distribution causes the HgBr* emission to be polarized.
A simple classical theory has been developed to account for this effect. 5 A measurement of the degree of polarization combined with a knowledge of the transition dipole moment of the emitter gives the direction of "abe' For the HgBr B-X system, the emission tranSition dipole moment is along the internuclear axis (parallel-type transition), and theory predicts a value of P=~ if "c. The following treatment follows in the spirit of the work of Gordon. 15 It may be shown that for a single collision the polarization index Rl can be related to its collisionless initial value Ro by (6) where 0 denotes the ensemble average over all possible colliSions, P 2 (cos a) = (3cos 2 a -1)/2 is a Legendre polynomial of the second order, and a is the angle through which the angular momentum vector J of the diatomic molecule is tipped by a collision. 24 • 25 We introduce the approximation that each collision tips J by the same angle ii, irrespective of the change in the magnitude of J, i. e., (P 2 (cos a)=P 2 (cos a). We also assume that successive collisions are uncorrelated. Then the value of Rafter n colliSions, represented as R n , is related to Ro by (7) We denote the collision rate by T"(} (where Tc is the average time between collisions) and the spontaneous emission rate by Til (where TR is the radiative lifetime).
The normalized probability for an excited molecule to (9) is the average number of cOllisions. 26 Hence the observed polarization index R is obtained by averaging R" over the collisions n:
This geometrical series has the sum
Equation ( which is independent of the impact parameter.
The curves in Fig. 2 are calculated from Eq. (11) using the data given in Table I to estimate the hard sphere collision rate. The fit is good except for krypton at pressures near 100 Torr, where electronic quenching may become significant. 28 We find for helium that a = 13° whereas for krypton a = 52°. (v) is computed assuming that the velocities of the two collision partners ane perpendicular. bTaken from the calculation of W. R. Wadt, App!. Phys. Lett. 34, 658 (1979) . cTaken from S. Fraga, J. Karwowski, and K. M. S. Saxena, Handbook of Atomic Data (Elsevier, New York, 1976 
